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This special issue is devoted to research exploring
structural issues in the Uniﬁed Medical Language Sys-
tem (UMLS). The UMLS was designed by the National
Library of Medicine (NLM) to integrate many author-
itative biomedical source terminologies into a uniﬁed
knowledge representation [1–4]. This is an ongoing
project involving many external contributors as well as
many members of the NLM staﬀ. Careful attention was
given by the NLM to conserve the content of each of the
original sources, each of which typically represents an
authorized list of terms used by a major organization.
As a result of these eﬀorts, the UMLS emerged as a huge
and complex knowledge base integrating in its 2003AB
version more than 100 terminological sources,1 with a
total of 875,255 concepts and 2.14 million terms. For a
sample of UMLS research, see the special issue of JA-
MIA [5] marking the 10th anniversary of the UMLS.
For a comprehensive bibliography of papers published
during 1986–1996 on UMLS-related work, see [6]. An-
other bibliography covers the period from 1990 to 2002
[7].
Naturally, most of the research attention in the cre-
ation of the UMLS was content-oriented. Tasks such as
how to add more source terminologies [8], how to
identify common concepts in various sources, how to
recognize the terminological sources of a speciﬁc con-
cept, relationship, etc. received a lot of attention.
However, some design eﬀorts were concentrating on
‘‘structural issues,’’ i.e., on mathematical deﬁnitions andqThis research was supported in part by the New Jersey Commis-
sion for Science and Technology.
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minology. Let us illustrate this with a few examples. A
directed graph is a mathematical structure. Mandating
that the hierarchy of a terminology be a directed acyclic
graph (DAG) is a formal (i.e., structural) requirement.
A mapping from one set to another is a fundamental
mathematical entity. In a terminology hierarchy that has
the structure of a tree, the parent relationship is a many-
to-one mapping (i.e., a functional mapping). In a DAG,
it is a many-to-many mapping because a node may have
several parents. The requirement concerning the number
of parents of a node is a structural constraint.
A partition of a graph into subgraphs is a mathe-
matical structure, where the structural condition is that
each node belongs to one and only one subgraph. Thus,
when dealing with structural issues, the emphasis is not
on the speciﬁc terms of a terminology and what exactly
they represent in the real world, but on identifying
structures and related requirements to which they must
adhere.
Let us see how the previously mentioned mathemat-
ical structures relate to the UMLS. A major decision in
the design of the UMLS was to have two levels of ele-
ments. The Metathesaurus (META) [9,10] contains
concepts. The Semantic Network (SN) [11,12] contains
general categories, called semantic types. In each of
these two levels, there are hierarchical (e.g., IS-A, par-
ent) relationships and semantic relationships connecting
pairs of elements. The IS-A hierarchy of the Semantic
Network is a structure consisting of two trees that are
interconnected by semantic (i.e., non-IS-A) relation-
ships.
An important element of the UMLS is a mapping
from META to SN, where each concept is assigned to
one or more semantic types. Research concerning the IS-
A hierarchy of the SN and the mapping from META to
SN is dealing with structural issues. The idea of having a
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work helps in the abstraction of and orientation to the
large complex META, was pioneering and visionary. To
the best of our knowledge, outside of biomedical in-
formatics similar two-level structures did not exist until
recently. The Suggested Upper Merged Ontology
(SUMO) [13,14], developed towards the IEEE Standard
Upper Ontology (SUO), and the mapping of WordNet
[15] to SUMO [16] have been conceived in a spirit sim-
ilar to that of the UMLS two-level structure.
With the UMLS maturing, we have recently seen
research that concentrates on structural issues. As a
matter of fact, this special issue marks the 15th anni-
versary of the UMLS. The motivation for this research
focus may have been the realization that when dealing
with the contents of the UMLS, structural issues in
many cases reﬂect semantic issues. Due to the size and
complexity of the UMLS, it is overwhelming to directly
approach certain semantic issues. However, the mathe-
matical nature of existing structural constraints enables
the design of eﬃcient computational tools, applicable to
such a large and complex knowledge base. The results of
such computational tools may reﬂect semantic consid-
erations.
Let us demonstrate structural phenomena in the
UMLS, with two examples. In [17], Bodenreider iden-
tiﬁes and explores cycles in the IS-A hierarchy of META
using graph algorithms. A hierarchy, by deﬁnition, may
not contain cycles. However, as META contains con-
cepts and hierarchical relationships from many termi-
nology sources, which are not necessarily consistent with
each other, such cycles do occur. After identifying the
cycles algorithmically, Bodenreider classiﬁes them into
various cases according to their semantic causes. This is
an example of how structural research can lead to
semantic insights.
Another example relates to redundant assignments of
concepts of META to semantic types of SN. In the
UMLS design, there is a rule that a concept should be
explicitly assigned to the lowest (most specialized) pos-
sible semantic type in the IS-A hierarchy of the SN [18].
If a concept is assigned to two semantic types A and B
such that A is an ancestor of B, then the assignment of
the concept to A is called redundant [19] and should be
removed, according to the above design rule of the
UMLS. An algorithm for ﬁnding all redundant assign-
ments in the UMLS was given in [20]. Its results can be
used to audit and improve the UMLS classiﬁcations.
The interplay between the two layers of the UMLS,
META and SN, raises some interesting structural re-
search issues that have led to useful results. As the two
above examples demonstrate, structural research has
helped to expose errors and inconsistencies, unavoidable
in an integrated large complex knowledge base such as
the UMLS. Such errors would be considerably more
diﬃcult to ﬁnd with purely semantic methods.The papers which appear in this issue are:
Paper 1: Bodenreider and McCray [21] explore visuali-
zation techniques to assess a partition of the
SN which they had designed previously [22].
Their techniques are based on visualizing and
inspecting for each group of the partition the
interactions between the semantic types and
their semantic (i.e., non-hierarchical) relation-
ships. This assessment exposes problems in
some groups of their partition, while conﬁrm-
ing the validity of other groups.
Paper 2: Zhang et al. [23] discuss the design of a meta-
schema for the Enriched Semantic Network
(ESN) [24] of the UMLS. A metaschema [25]
is an upper-level abstraction network devel-
oped to help with a users orientation to the
ESN. Two metaschemas are derived for two
partitions of the ESN; these are the cohesive
partition [26] and a modiﬁed connected parti-
tion of the one originally published in [22].
Paper 3: Cimino et al. [27] explore inconsistencies in the
correspondence between the hierarchies of
META and SN to expose some errors that
may be in either of these two hierarchies or
in the assignment of concepts from META to
semantic types of SN.
Paper 4: Rindﬂesch and Fiszman [28] discuss Natural
Language Processing of biomedical texts.
They show that it is surprisingly diﬃcult to
recognize IS-A relationships (to which they re-
fer as hypernymic propositions) from text us-
ing only syntactic methods. The UMLS
makes it possible to determine whether two
concepts are indeed from the same semantic
group of concepts and which one of the two
is the more general one. Thus, the combina-
tion of underspeciﬁed syntactic analysis with
the UMLS leads to eﬀective processing of nat-
ural language sentences in the area of Chemi-
cals and Drugs.
Paper 5: Rosse andMejino [29] describe the design of the
Foundational Model of Anatomy. This design
uses a disciplinedmodeling approach, following
a set of developed principles and high-level
schemes, applied only in the anatomical struc-
tural context rather than in multiple contexts
of various application domains. To avoid ambi-
guity, Aristotelian deﬁnitions are used to spec-
ify classes in terms of structural attributes.
Paper 6: Mork et al. [30] describe the development of a
new query language for semantic networks.
This query language is based on an existing de-
clarative language that supports regular ex-
pressions. The authors show that their
implemented ‘‘querying agent’’ is computa-
tionally eﬃcient as well as eﬀective in the
2 umls-users@umlsinfo.nlm.nih.gov.
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They make convincing claims that their ap-
proach will generalize to the complete UMLS.
Taken together, the papers in this special issue con-
stitute a collective contribution. Two papers [Paper 1,
Paper 2] present abstraction formalisms for the SN that
will help user orientation to the SN. Two other papers
[Paper 3, Paper 4] explore the utilization of the mapping
of concepts from META to the SN. In the ﬁrst, the
mapping is used for auditing and in the second to sup-
port Natural Language Processing of biomedical text.
Another two papers [Paper 5, Paper 6] concentrate on
creating and using the Fundamental Model of Anatomy
terminology intended for extending the anatomy cov-
erage in the Metathesaurus. While extending the UMLS
by integration of new terminologies falls under the more
traditional content-oriented UMLS research, both these
papers are pursuing a structural approach in achieving
their goals. In [Paper 5], a structural deﬁnition-based
approach is described for the design of the terminology.
Finally, in [Paper 6], a structural approach is used to
design the query language for the terminology.
Assuming that this collection of papers represents a
(partial) window into the state of the art of UMLS re-
search, a natural question is: What is the collective
message of these papers? The editors of this special issue
recognize in all these papers a desire to apply structural
(mathematical) techniques to the future development of
the UMLS. Harnessing the eﬃciency of structural
techniques and their potential computational applica-
bility to large amounts of data promises results and
improvements that would be diﬃcult to achieve by
purely semantic techniques, due to their dependence on
intensive human labor. Harnessing structural techniques
to achieve semantic goals also places this kind of ter-
minology research at the forefront of Knowledge Rep-
resentation research in general, similar to eﬀorts like the
development of the Semantic Web [31–33].
Natural questions that arise are: What should be di-
rections of future development of the UMLS? and What
role can structural techniques play in such a develop-
ment? To address these questions, we review a few issues
considered in the early stages of the inception of the
UMLS. In [2], Humphreys et al. discuss past diﬀerences
of opinion between NLM oﬃcers and UMLS investi-
gators. Some UMLS investigators suggested building a
comprehensive all-inclusive new terminology from
scratch, which would have been a major undertaking.
However, the NLM decision was to build a compendium
of many existing medical knowledge bases in a uniform
format instead, allowing user-friendly electronic access.
This more limited undertaking was successfully achieved.
Looking back, this decision of the NLM was probably
the right one. The alternative comprehensive plan might
have been too ambitious for its time and the available
resources too limited to ensure success.The NLMs original purpose of integrating many
medical terminologies was achieved. Can the UMLS
serve as a terminology by itself for the medical ﬁeld (the
alternative plan), although not designed for this pur-
pose? The image that comes to mind is that of a knight,
who is so heavily armored that he loses his capability for
quick action and mobility. The UMLS, for the purpose
of integration, includes all the information that ap-
peared in any of its many sources. But when using the
UMLS as a terminology, users typically do not care
from which source terminology a concept or relation-
ship was derived. Such a user just wants to know whe-
ther there is such a concept or relationship, e.g., whether
a given biological agent causes a certain symptom. An-
ecdotal support for the last claim can be found among
the queries that have been sent to the UMLS users
mailing list.2
For users who want to know from which source
terminology a relationship was derived, the current
UMLS will provide the answer. Furthermore, the recent
plan for a new format of META, which will provide
better ‘‘transparency’’ for the various source terminol-
ogies, will further improve this service of the UMLS.3
On the other hand, the expectation that the current
UMLS will serve as a medical terminology by itself is
still not justiﬁed; the UMLS was not designed for this
purpose.
A more realistic plan for designing a comprehensive
terminology would be to use the UMLS as a major re-
source for such an endeavor. What we are proposing,
towards this end, is to extract from the present UMLS a
lightweight version that would contain all concepts,
their terms, attributes and relationships as they appear
in the current UMLS. On the other hand, the light-
weight version will not include a list of the terminolog-
ical sources from which a speciﬁc concept or
relationship was derived. If a pair of terms is linked in
various UMLS sources by synonymous relationships,
then one of the relationship names will be included in
the lightweight version of the UMLS. We would call
such a terminology C-UMLS (Core Uniﬁed Medical
Language System) because it would capture the core
knowledge of the UMLS without all the ‘‘peripheral’’
knowledge that is not of interest to many users. The C-
UMLS would need to satisfy the desiderata of Cimino
[34]. For example, a concept must inherit the relation-
ships of its parent(s). The C-UMLS would have the
same two-level structure as the original UMLS, con-
sisting of a Metathesaurus and a Semantic Network.
The C-UMLS would be deﬁned in a way that frees it
from the constraints imposed by the need of the UMLS
to integrate and preserve all the elements of its termi-
nology sources. For example, the cycles in the IS-A
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mentioned above, could not be removed fromMETA, as
they contain elements of various sources that must be
preserved. While building the C-UMLS, such con-
tradictions, which are typically the results of integration
between inconsistent sources, would be resolved and no
cycles would be allowed to remain in the ﬁnal concept
hierarchy of the C-UMLS. Similar to this example, we
expect structural techniques to play a major role in a
project of creating a C-UMLS terminology.
In the following, we will mention several issues where
structural methods, similar to those reported in this is-
sue, can contribute to the development of the C-UMLS.
Correspondence of relationships can be extended from
hierarchical relationships [Paper 3] to semantic rela-
tionships. That is, if there is a relationship REL from a
semantic type A to a semantic type B in SN, then there
should be a corresponding relationship REL from a
concept assigned to A to a concept assigned to B. In the
current META, such a relationship may exist with the
name REL, or may be missing, or may exist with an-
other name. Enforcing such a correspondence will help
to improve and complete the coverage of relationships in
META. This will also improve the support for Natural
Language Processing for medical texts [Paper 4].
Systematic inheritance of relationships from a con-
cept of META to all its children will enable the appli-
cation of partitioning [Paper 1], [22] and schema
abstraction [Paper 2], [25] to META, as opposed to the
Semantic Network, as done in the above papers. Such
partitioning should utilize the structure of the concepts,
which can be deﬁned for each concept as the set of its
relationships, similar to what was done in [35] for the
Medical Entities Dictionary [36]. Applying such parti-
tioning to the (mostly large) sets of concepts of a given
semantic type will help auditing and orientation to them.
Due to the size of META, partitioning to support ori-
entation to its elements is more critical than for SN, as is
done in [Paper 1, Paper 2].
To accelerate the integration of a new terminology
into the UMLS, such as of the FMA terminology [Paper
5], one should create a classiﬁcation of its concepts by
the semantic types of SN [37]. A systematically struc-
tured META will enable the application of eﬃcient
query languages, as the one developed in [Paper 6].
These ideas demonstrate that, although the creation of a
C-UMLS would take a substantial eﬀort, techniques to
support such a project exist and more are expected to
emerge.
In summary, structural techniques can help with ef-
ﬁciently maintaining, auditing and using the UMLS as
well as other terminologies. Furthermore, research on
structural issues in terminology representations provides
a framework for abstraction of terminologies, which can
be used as the basis for gaining an orientation to very
large and complex terminologies.Acknowledgments
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